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Human noroviruses are major causative agents of food and waterborne outbreaks
of nonbacterial acute gastroenteritis. In this study, we report the epidemiolog-
ical features of three outbreak cases of norovirus in Korea, and we describe the
clinical symptoms and distribution of the causative genotypes. The incidence
rates of the three outbreaks were 16.24% (326/2,007), 4.1% (27/656), and 16.8%
(36/214), respectively. The patients in these three outbreaks were affected by
acute gastroenteritis. These schools were provided unheated food from the same
manufacturing company. Two genotypes (GII.3 and GII.4) of the norovirus were
detected in these cases. Among them, major causative strains of GII.4 (Hu-jeju-
47-2007KR-like) were identified in patients, food handlers, and groundwater
from the manufacturing company of the unheated food. In the GII.4 (Hu-jeju-47-
2007KR-like) strain of the norovirus, the nucleotide sequences were identical and
identified as the GII.4 Sydney variant. Our data suggests that the combined
epidemiological and laboratory results were closely related, and the causative
pathogen was the GII.4 Sydney variant strain from contaminated groundwater.Norovirus is a major cause of epidemic acute
nonbacterial gastroenteritis in humans worldwide. Nor-
ovirus infection is common in all age groups and is
characterized by a low infection dose and efficient
transmission with typical fecal-oral routes, as well as
airborne spread and environmental contamination [1e3].
Human norovirus GII.4 is prominent in all genogroups
and genotypes, and GII.4 variants were divided into 13uted under the terms of th
.org/licenses/by-nc-nd/4.0
ginal author and source are
ase Control and Preventionsubcluster types along with epidemic year and genetic
characterization. In particular, the GII.4 Sydney strain,
named as 2012 variant, is relatively new and predicted as
the next prominent strain [4e6]. There are several reports
on GII.4-associated gastroenteritis, but there is a lack of
environmental and moleculareepidemiological data. In
Korea, three outbreaks associated with norovirus GII.4
Sydney variant occurred in a middle and high schoole Creative Commons Attribution-NonCommercial-No Derivative
) which permits non-commercial use, distribution, and repro-
credited.
. Published by Elsevier Korea LLC. All rights reserved.
Table 1. Comparison of epidemiological and laboratory characteristics.
Features of outbreaks Outbreak A Outbreak B Outbreak C
Epidemiological features
Attack rate (%) 326/2007 (16.24) 27/656 (4.1) 36/214 (16.8)
Symptomatic patients 326 27 36
Date of onset Nov 21, 2012 Nov 30, 2012 Nov 30, 2012
Scale(s) Large Medium Medium
Type of setting School School School
Clinical symptoms (%)
Diarrhea 326/326 (100) 23/27 (85.2) 26/36 (72.2)
Nausea 223/326 (68.4) 24/27 (88.9) 24/36 (66.7)
Abdominal pain 205/326 (62.9) 25/27 (92.6) 17/36 (47.2)
Vomiting 156/326 (47.9) 14/27 (51.9) 26/36 (72.2)
Fever 190/326 (58.3) 14/27 (51.9) 17/36 (47.2)
Laboratory test
No. of examinations of patients 99 10 22
Positive samples 46 2 12
Genogroup I d d d
Genogroup II 46 2 12
No. of examinations of food-handlers 28 14 5
Positive samples 2 5 2
Genogroup I d d d
Genogroup II 2 5 2
Environmental samples 13
Causative foods (unheated foods) 9
Genogroup I d
Genogroup II 9
Supplemental water 3
Genogroup I d
Genogroup II 3
Groundwater 1
Genogroup I d
Genogroup II 1
Occurrence of Norovirus GII.4 Sydney 323setting in different cities on November 21ste30th, 2011.
In this study, we describe the investigation of three out-
breaks caused by the GII.4 Sydney variant, which
was traced to contaminated groundwater from a supply
manufacturing company.
In November 2011, three outbreaks of acute gastro-
enteritis occurred in three different regions. AnTable 2. Oligo nucleotide sequences of primers used in this stu
Genogroup Name of primer Sequence
GI NoGI-F1 ATGGCCATGTTCCGI
NoGI-F2 CGGGCCCGAATTYG
NoGI-R CCAACCCARCCATTR
GI-F1M CTGCCCGAATTYGTA
GI-F2 ATGATGATGGCGTC
NoGI-R CCAACCCARCCATTR
GII NoGII-F1 CCCTCGAGGGCGAT
NoGII-F2 CACAATTGTGAATG
NoGII-R CCRCCIGCATRICCRT
GII-F1M GGGAGGGCGATCGC
GII-F3M TTGTGAATGAAGAT
NoGII-R CCRCCIGCATRICCRTepidemiological study was performed with a retrospec-
tive cohort study and cases were defined as patients who
presented with diarrhea, nausea, abdominal pain, vom-
iting, and fever. Attack rates were 16.27% (326/2,007)
in Outbreak A, 4.1% (27/656) in Outbreak B, and 16.8%
(36/214) in Outbreak C. The main symptoms were
diarrhea, nausea, abdominal pain, vomiting, and feverdy.
(50/30) Application
TGGATG Stool specimen
TAAATGATG
TACATYTG
AATGATGAT Stool & environmental samples
TAAGGACGC
TACATYTG
CGCAATCT Stool specimen
AAGATGGCGTCGA
TRTACAT
AATCT Stool & environmental samples
GGCGTCGART
TRTACAT
Figure 1. Phylogenetic analysis of the norovirus detected from patients, food handlers, and environmental samples (unheated
foods, supplemental water, and groundwater). The phylogenetic tree was constructed with the neighbor-joining method with
norovirus partial capsid region (312-314bp). The numbers in the branches indicate the bootstrap values.
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Table 3. Distribution of norovirus GII-4 variant analyzed
in this study.
Name
of variant
Outbreak
A
Outbreak
B
Outbreak
C
Environmental
samples
2006b d d 1 (7.1) d
2010 d d d 2 (16.7)
2012 44 (100) 7 (100) 13 (92.9) 10 (83.3)
Data are presented as n (%).
Occurrence of Norovirus GII.4 Sydney 325(Table 1). Patients from Outbreak A had mainly diar-
rheal symptoms (100%), patients from Outbreak B had
abdominal pains (92.6%), and patients from Outbreak C
had diarrhea (72.2%) and vomiting (72.2%). According
to epidemiological findings, three outbreaks occurred in
different regions, but the same food manufactures sup-
plied the three regions with unheated food around the
same time. This food manufacturer had used ground-
water for the preparation of unheated food.
A laboratory test was performed on 131 fecal speci-
mens of cases, 47 from food handlers, and 13 environ-
mental samples. For virus detection, viral RNA was
extracted using a commercialized RNA preparation
kit (GM-AUTOPREP Kit, Green Mate Biotech Crop,
Seoul, Korea). The norovirus was screened using
commercialized real-time reverse transcription poly-
merase chain reaction (RT-PCR) (Bioneer, Daejeon,
Korea) according to the manufacturer’s manual. From
131 fecal specimens from patients, 60 patients (45.8%)
were determined as norovirus-positive with real-time
RT-PCR. In each case, 46.5% (46/99) were norovirus-
positive in Outbreak A, 20% (2/10) in Outbreak B, and
54.5% (12/22) in Outbreak C. Nine food handlers
(19.1%) were determined as norovirus-positive from the
47 food handlers tested. All environmental samples
tested were proven as norovirus-positive using real-time
RT-PCR. Environmental samples included causative
unheated food, supplemental water to prepare food in
the manufacturer’s company, and groundwater used as
supplemental water (Table 1).
Amplification of norovirus genes were performed
using one-step RT-PCR with norovirus specific primers
listed in Table 2. Subsequently, seminested PCR was
performed to partially amplify the norovirus capsid
gene. Environmental samples were tested according to
the methods of the Ministry of Food and Drug Safety
and stool specimens were tested according to the
methods of the Korea National Institute of Health.
Amplified PCR products were purified using Millipore
plate MSNU030 (Millipore SAS, Molsheim, France)
and were sequenced with the Big Dye terminator
version 3.1 sequencing kit and a 3730xl automated
sequencer (Applied Bio systems, Foster City, CA,
USA). Nucleic acid sequences were aligned with in-
formation of genotype sequence using MegAlign
package (Window version 3.12e, DNASTAR, Madison,
WI) in the DNASTAR program, and the phylogenetic
tree was generated using the neighbor-joining method
[7,8]. Most genotypes were determined as GII.4 (Hu-
jeju-like) strains detected in patients, food handler fecal
samples, and environmental samples. However, GII.3
was only detected in one sample collected from un-
heated food (Figure 1). To compare sequence identity,
each group showed a similarity of 96.8e99.5% (Out-
breaks A and B), 94.7e100% (Outbreaks A and C),
96.3e100% (Outbreak A and environmental samples),89.9.3e99.5% (Outbreaks B and C), 95.2e100%
(Outbreak B and environmental samples), and
94.7e100% (Outbreak C and environmental samples;
data not shown).
GII.4 variant analysis was performed using NoroNet
alignment tools (http://noronet.nl) [4e6]. Prominent
strains were 2012 Sydney variants in these three out-
breaks, although 2006b and 2010 New Orleans were
also detected. Analysis of strains from Outbreaks A and
B detected the GII-4 Sydney strain but a 2006b variant
was detected in Outbreak C. In the environmental
samples, the 2010 New Orleans strain was detected in
two unheated food samples. However, the 2012 Sydney
strain occupied all environmental samples (Table 3).
Three outbreaks occurred with the same norovirus
GII.4 Sydney variant in different cities at the same time
and showed typical symptoms of norovirus-related acute
gastroenteritis. These outbreaks were associated with
unheated food which was commonly provided from the
same manufacturer. However, there were several envi-
ronmental factors that led to infection, such as food
handlers, unheated food, supplemental water, and
groundwater. GII.4 strains were already well-known to
be prominent in humans and the current prominent
Sydney variant has been well-reported in outbreak cases
[4e6,9e11]. However, there is a lack of reports on
2012 Sydney variant-associated cases. Our data were
fully analyzed based on clinical, environmental, and
molecular analysis. In conclusion, this study revealed
three outbreaks of acute gastroenteritis caused by nor-
ovirus GII that came from contaminated groundwater,
and the major causative pathogen was the GII-4 Sydney
variant.Conflicts of interest
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